Interpretation of frequency dependent capacitance-voltage curves of amorphous Indium Gallium Zinc Oxide (a-IGZO) thin film transistors by Bhoolokam, Ajay et al.
A. Bhoolokam 
IMID 2014 DIGEST 
Interpretation of frequency dependent capacitance-voltage curves of amorphous 
Indium Gallium Zinc Oxide (a-IGZO) thin film transistors 
Ajay Bhoolokam a,b, Manoj Nag a,b,Adrian Chasin, Soeren Steudel a, Jan Genoe a,b, Gerwin Gelinck c, Guido 
Groeseneken a,b and Paul Heremans a,b 
            aimec, Kapeldreef 75, 3001 Leuven, Belgium. Tel: +32 16 28 76 47, E-mail: ajay.bhoolokam@imec.be 
bESAT, Katholieke Universiteit Leuven, Kasteelpark Arenberg 10, 3001 Leuven, Belgium. 
            cHolst Centre, High Tech Campus 31, 5656 AE Eindhoven, The Netherlands. 
 
  
The subgap trap states which are inherent in a-IGZO TFTs, due to the disordered nature of the material, play a key 
role in determining the electrical characteristics of the TFT. Multi-frequency capacitance voltage (CV) method [1-
2] is one of the techniques used to obtain information about the trap states. The technique works on the assumption 
that the frequency dispersion in CV curves is caused due to trap charges.  
In this study we show that the resistance of a-IGZO channel is the dominant reason for frequency dispersion of CV 
measurements on a-IGZO transistors. The effect can be modeled with a transmission line model (TLM) and is shown 
to fit for all channel lengths. So extraction of the subgap trap density from the frequency dependence of CV 
measurements should be done with great care. Fig 1 (a) and (b) show the CV characteristics of 2 TFTs in the 
frequency range of 250Hz to 1MHz. The channel length is 50 and 250 µm. As the channel length increases, the 
amount of capacitance change also increases. If only the trap states were the cause for frequency response there 
should not have been a channel length dependency. The presence of this dependency strongly supports the need of 
TLM for dispersion analysis. From [3] for TLM analysis we get,  
           C = 𝐶𝑀𝐼𝑆 * [
sinh(𝜁)+sin⁡(𝜁)
𝜁.(cosh(𝜁)+cos(𝜁))
] ….. (1)  G =ω* 𝐶𝑀𝐼𝑆 * [
sinh(𝜁)−sin⁡(𝜁)
𝜁.(cosh(𝜁)+cos(𝜁))
]  ….. (2)                       
Where ζ = √
𝜔𝐶𝑀𝐼𝑆
2𝐺𝑐ℎ
⁄ , Gch is conductance of the RC network. CMIS =  
𝐶𝑂𝑋𝐶𝑆𝐶
𝐶𝑂𝑋+𝐶𝑆𝐶
 , COX = Cox'*W*L and CSC = Csc'*W*L, 
Csc' and Cox' is the semiconductor and oxide capacitance per unit area. The capacitance values at different voltages as a 
function of frequency is show in Fig. 1(c) along with fits to equation (2) for L = 50 µm. The extracted Gch is 
compared with the conductance value obtained from DC Ids-Vgs measurements (Gmeas) by calculating Ids/Vds. There 
can be three contributions to Gch. One from voltage dependent contact resistance, another from channel resistance 
and lastly from charging and discharging of traps. Transfer line method was used to check the importance of contact 
resistance and was found to be negligible. As Gmeas is equal to Gch the impact of trap states is masked by the impact 
of channel conductance, because if the conductance related to trap states was comparable to the channel conductance 
the extracted Gch value would be lower than Gmeas. 
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Fig. 1: CV characteristics as a 
function of frequency for TFTs with 
channel length of 50 μm [a] and 250 
μm [b]. Legend is same for [a] and 
[b]. Capacitance values at different 
voltages as a function of frequency 
for TFTs with channel length of 250 
μm [c].Measured and extracted Gch 
values [d]. Dotted line has a slope of 
1.  
 
